The menace of wastewater pollution in the 21st century is becoming alarming. Application of the low-cost adsorbents for wastewater treatment has received more attention this moment in environmental history than never. Most industrial wastewater has not been receiving adequate treatment prior to disposal into the nearby stream, and this is a potential threat to plants and animals feeding therefrom. There is therefore the need to proffer an effective solution to this pollution problem. An approach of bioremediation with a cost-effective plant waste is considered apt, with the application of Azadirachta indica (Neem tree) bark as adsorbent in this study.
INTRODUCTION
Wastewater from metal finishing industries contains high concentrations of contaminants which are hazardous to the environment and pose potential health risks to the public. With increasingly stringent regulations governing wastewater discharge and greater quantities of wastewater being produced, there is a growing need for more efficient and cost effective methods to remove heavy metals (Amer, 1998) . Wastewater from metal finishing industries contains contaminants such as heavy metals, organic substances, cyanides, and suspended solids, at levels which are hazardous to the environment and pose potential health risks to the public. Heavy metals, in particular, are of great concern because of their toxicity to human and other biological life. Heavy metals typically present in metal finishing wastewater are cadmium, chromium, copper, lead, nickel, silver, tin, and zinc.
A major consequence of industrialization and industrial production is the generation and release of toxic waste products including trace heavy metals like Cd, Pb, Mn, Cu, Zn, Mg, Cr, Fe, and Ni, which are polluting our environment (FaurBrasquet et al., 2002; Baysal et al., 2013) . These received widespread attention because of their persistent nature, toxicity, carcinogenicity or mutagen city even at very low concentrations (Rahul et al., 2014) . The increase in usage of heavy metals in industrial activities such as foundry, steel rolling, metal galvanizing, has caused their existence of them in waste water (Amit and Minocha, 2006) . For example lead and cadmium are the main pollutant of wastewater from industries such as electroplating, plastic and paint manufacturing, mining, metallurgical process, petrochemical process, batteries, paper and pulp (Iqbal and Edyvean, 2004) .
One of the contributors for this rise in the concentration level is the extensive development of heavy & manufacturing industries that uses metals and related compounds (Olayinka et al., 2007) . Discharge of treated industrial wastewater containing metal ions such as nickel, lead, copper, zinc, chromium and aluminum are common in nearby water sources like river (Iqbal and Edyvean, 2004) This may affect the quality of aquatic & human life . Wastewater effluents are generated from metal galvanizing works across the globe and their disposal has greatly contributed to the pollution of the environments. Heavy metals are major toxicants found in industrial wastewaters; they may adversely affect the biological treatment of wastewater. The toxicity of such wastewater has been observed to have a negative effect on all living things. Since there is scarcely adequate treatment, this results in nutrient depletion, the accumulation of toxic compounds in biomass and sediments, loss of dissolved oxygen in water and other pollution challenges.
The removal of heavy metals from wastewater is beneficial to the environment. Heavy metals are toxic to aquatic organisms even at very low concentrations. Most of these minerals were present in our environment only in minute amounts until recent centuries, when the orientation toward industrialization and production brought about our many technological advances (Samara, 2006) . At present, these toxic metals have polluted our atmosphere, waters, soil, and food chain. (Ko et al., 2000) . There is therefore an urgent need to device a suitable mean of reducing the pollution and bringing the concentration of the pollutants into bearable minimum level.
Some conventional methods of heavy metals removal in wastewater include ion-exchange, electro-winning, coagulation, cementation, reverse osmosis/electrodialysis, electro-coagulation, precipitation, and membrane separation (Kang et Baysal et al., 2013) . These methods are however characterized by disadvantages such as secondary pollution, high cost, high energy input, large quantities of chemical reagents, and poor treatment efficiency at low metal concentrations (Ahluwalia and Goyal, 2007; Gao et al., 2008) . A proven alternative treatment approach, with capacity to overcome most of the identified flaws of the conventional methods, has been found in adsorption through bioremediation (Bailey et al., 1999 Natural adsorbents like Azadirachta indica (Neem tree) have gained popularity in recent research activities due to the fact that they are more readily available, require little processing, low-cost, usually byproduct of waste materials from waste industries and isolated organisms are cultivated or propagated for biosorption purposes using inexpensive materials (Sag and Kutsal, 2001; Sekhar et al., 2003; Baysal et al., 2013) .
The aim of this research is to study the attenuation of toxic heavy metal ions by Neem bark from metal galvanizing wastewater. The specific objectives are to identify the heavy metal pollutants in the metal galvanizing industrial wastewater and determine their initial concentrations; to characterize the physical and chemical properties of Azadirachta indica bark for suitability in wastewater remediation; to study the application of Azadirachta indica bark as an adsorbent on the wastewater using factors that include adsorbent dosage, contact time, stirring speed and pH; and to determine the adsorption isotherms and kinetic models that best describe the adsorption of the two most prominent heavy metals in the wastewater.
METHODOLOGY (a) Collection of wastewater
The wastewater used for this research was obtained from Spintex Galvanizing Industry Nigeria Limited, Lagos. Samples were collected into a sterilized 10-litre plastic keg and transferred immediately to the laboratory for analyses under room temperature. 0 C to remove the adherent moisture content. The dried tree bark was crushed with a clean domestic mortar and grinded in a mill to produce the adsorbent. The powdery adsorbent produced was further dried. It was then sieved to obtain particle sizes of 250 -350 µm prior to its application.
(c) Proximate and phyto-chemical analyses of Neem Bark Tree
The proximate analysis and phyto-chemical characterization of adsorbent were carried out using the procedures of Sharma and Bhattacharyya, 2005. In the proximate analysis, values of crude protein, crude fat, crude fibre, ash, carbohydrate and moisture contents were determined. For phyto-chemical analysis, alkanoids, saponin, tannin, flavonoid and phytate compositions of the adsorbent were carried out.
(d) One-factor-at-a-time (OFAT) Experimental Adsorption study
Four different types of experiments were conducted in order to determine the effects of contact time, pH, adsorbent dosage and rotating/stirring speed on the adsorption of heavy metals using the prepared Azadirachta Indica (neem tree) bark powder (Ojoawo et al., 2016a) .
(i)
Preliminary adsorption study: Five conical flasks of 100ml volume were taken and labeled from 1 to 5.Then in each of the flasks 50ml of the untreated foundry effluent shall be put. After this 0.2, 0.4, 0.6, 0.8 and 1.0 g of the Azadirachta Indica (neem tree) bark powder were added to the 5 respective conical flasks. The flasks was then placed in a rotary mechanical shaker and agitated at a speed of 150 rpm for 1 hour at a room temperature of 32 0 C. The filtrate from each flask was collected in a test tube and subjected to AAS analysis to determine the heavy metal concentrations.
Calculations:
The adsorption capacity (qe) is calculated from the formula:
where qe is the adsorption capacity (in mg/g), Co is the initial concentration of the heavy metal ion (in mg/L), Ce is the concentration after adsorption (in mg/L), V is the volume of the measured wastewater for the experiment (in L), and W is the weight of adsorbent substance (in g).
(ii)
Contact time effect study: Six conical flasks with 50 ml of the untreated industrial effluent added had 0.2g of adsorbent into each of them. The flasks were then placed in a mechanical shaker one after the other and agitated at 150 rpm for different selected contact times of 20, 40, 60, 80, 100 and 120 minutes. Filtrates from the content of each flask were subjected to AAS analysis.
(iii) Study on agitation rate: For rotating speed effect on the treatment process, 1 g each of the adsorbent was added 5 conical flasks of 50 ml wastewater. The conical flasks were placed in a mechanical shaker in turns and rotated at the selected speed ranging from 150 to 350 rpm at intervals of 50 rpm.
(iv) pH effect study on the treatment process: The effect of pH on the adsorption of heavy metal ions were studied over a pH range of 2 to 6. Three conical flasks were filled with 50 ml of the untreated foundry effluent. 1 g of the adsorbent was added to each of them. The pH of the contents in the three conical flasks shall be adjusted and maintained at 2, 4 and 6 respectively. The flasks contents were then agitated in a mechanical shaker at 150 rpm for an hour. The filtrates of each flask were subjected to AAS analysis. 
The essential characteristic of the Langmuir isotherm is expressed in terms of a dimensionless constant separation factor, RL, which is defined as:
where qe is the equilibrium adsorption uptake of heavy metal ions, qmax is the maximum adsorption capacity corresponding to the complete monolayer coverage. b is the Langmuir constant which is related to the energy of adsorption. The Freundlich isotherm is generally applicable to the adsorption as they occur on heterogeneous surface. The linear form is shown:
………. (5)
where KF and n are Freundlich constants related to adsorption capacity and adsorption intensity, respectively. If and (Ghasemi and Gholami, 2014).
(ii) Adsorption Kinetics
In order to investigate the mechanism of adsorption, kinetic models such as the pseudo-first order and the pseudo-second order kinetic models were applied to study the adsorption dynamics.
The Lagergren's-first-order kinetic model can be expressed in linear form:
The pseudo-second-order kinetic model is used in the following linear form: ……………….. (7) where k1 and k2 are the adsorption rate constants of pseudo-first-order and pseudosecond-order kinetic models, respectively, qt is adsorption uptake at time t.
(f) Digestion of samples Digestion analysis was carried out on the wastewater sample with the aim of breaking down the complexity of the sample before the AAS analysis. 10ml of the wastewater was taken and another 10ml of HNO3 and HCl was added to it at 3: 2 and 80 ml of distilled water was also added to it make up 100ml and poured inside a beaker. The nitric acid and hydrochloric acid act as a catalyst on the wastewater for rapid reaction. The sample in the beaker was placed inside the fume cupboard and was heated with the heating mantle for 30 minutes at 100˚C.
After the time duration, the sample was removed from the fume cupboard and then digested. Distill water was added to the sample making it up to 100mL before it was filtered and the filtrate was poured inside a container for the AAS analysis.
(g) Atomic absorption spectrophotometer (AAS) analysis Atomic absorption spectrophotometer analysis was a laboratory technique used for establishing the concentration of different heavy metals in a particular industrial wastewater sample. It was widely used for the determination of the initial concentrations of the heavy metals in the wastewater sample and the final concentrations after the bioremediation processes.
RESULTS AND DISCUSSION (a) Physico-chemical composition analysis of Neem tree bark (Azadirachta Indica)
The fresh neem tree bark was prepared and analyzed to determine the physical and chemical properties it constitutes as presented in Table I . 
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The adsorption isotherm patterns observed using both Langmuir and Freundlich's models, and the kinetics using the pseudo 1 st and 2 nd order models are as presented and discussed in this sub-section.
(i) Langmuir isotherm model of Pb

4+
: The summary of results of adsorption study and batch experiments is presented on Table III . From the results, 0.2g of the adsorbent has the highest adsorption capacity of 0.099 mg/g and a reasonable removal efficiency of more than 40%. The removal efficiency after 0.6g dosage decreased with increasing dosage; therefore 0.2g dosage is selected as the optimum dosage for the study. Then, plotting the graph of 1/qe (mg/g) against 1/Ce (mg/l) we have the representation in Figure 1 . The linear form of Freundlich equation (5) in section 3 provided the basis for plotting the graph of log qe against log Ce, The intensity of adsorption (1/n) = 0.7398. Since 0 < 1/n < 1; then the adsorption of Pb 4+ is found to be in an optimum state in line with the Freundlich's model (Ghasemi and Gholami, 2014 Figure 3 shows the results of Pb 4+ adsorption as subjected to the 1 st order kinetic model, using equation 6 in section 3 based on the plot of log (qe-qt) against time t. The results of the Pseudo 1 st order kinetics model for Pb 4+ is summarized on Table V . It is observed that the Azadirachta Indica adsorption of Pb 4+ did not largely follow the 1 st order kinetics model as the values of adsorption capacity, qe obtained from both the calculation and experiment are wide apart and the correlation coefficient R 2 is very far from unity. From equation (7) in section 3, the 2 nd order Kinetics model was formed using information on Table VI . This was later translated into a graph t/qt against t shown in Figure 4 . The analysis of results of Langmuir isotherm is presented in the Table IX . According to the obtained results of RL = 2.67 and correlation coefficient of R 2 = 0.4926, the adsorption is non-optimum and unfavourable. The linear form of Freundlich equation is: log qe= log KF + 1/n log Ce Plotting the graph of log qe against log Ce as shown in Figure 6 , a straight line graph is obtained Therefore the intensity of adsorption 1/n = 1.814, since 1/n > 1; then the Cr 3+ adsorption is non-optimum (Ghasemi and Gholami, 2014 Table XIII into this equation, and using this to plot the graph of t/qt against t (mins) as shown in Figure 8 , we determined the pattern of kinetics model. . The values of calculated adsorption capacity and the one from the experiment are somewhat close, while the correlation coefficient R 2 = 0.9513. The adsorption therefore largely follows the pseudo 2 nd order kinetics model. . This study concludes that Azadirachta Indica bark is a good sorbent for the removal of Cr 3+ from aqueous solution of wastewater range from 0 to 2 mg/L with optimum adsorbent dose of 0.2 g/L. Maximum observed adsorption is about 67% removal of Cr
3+
. Conversely, the adsorbent is a fairly good sorbent for the removal of Pb 4+ from aqueous solution of wastewater range from 0 to 1.5 mg/L with optimum adsorbent dose of 0.2 g/L at 3 < pH < 6 under the minimum equilibrium time of 2 hours. There is a sharp decrease in adsorption above pH > 6. Maximum observed adsorption is about 50% removal of Pb 4+ . The adsorption patterns of Pb 4+ and Cr 3+ with Azadirachta Indica were both optimum with Freundlich isotherm model. The one of Pb 4+ largely follows the Pseudo 2 nd Order kinetics models, whereas the same model was perfectly observed by the Cr 3+ adsorption. Considering the cost, ease of preparation and minimal sludge after treatment, the application of Azadirachta Indica in remediating Cr 3+ from metalgalvanizing industrial wastewater is hereby strongly recommended.
